Background: There is limited evidence on the applicability of subjective global assessment (SGA) in critically ill patients, despite its good performance in diagnosing undernutrition in clinical and surgical patients. Our aim was to evaluate the association between SGA and anthropometric measures and the performance of SGA in predicting clinical outcomes and mortality in critically ill surgical patients. Methods: This observational prospective study was carried out with patients admitted to the surgical intensive care unit (SICU) of a Brazilian hospital. Nutrition assessment comprised anthropometric measures (weight and height for body mass index [BMI] calculation, mid-arm circumference [MAC] and calf circumference [CC]), and the SGA. Patients were followed up until hospital discharge for measurement of the following outcomes: length of stay (LOS), SICU LOS, and hospital mortality. Results: This study included 76 surgical patients admitted to an SICU (64.9% males; 87% white ethnicity; mean age, 60.36 ± 16.24 years). According to the SGA, the prevalence of undernutrition was 60.5% (moderate undernutrition = 38.2%; severe undernutrition = 22.4%), and well-nourished 39.0%. Patients with severe undernutrition had lower values of current weight, BMI, MAC, and CC compared with well-nourished patients. The presence of undernutrition increased the risk of LOS >31 days by 2.57 (1.38-4.77) times, but it was not associated with mortality. Conclusions: Patients with severe undernutrition had lower current weight, BMI, MAC, and CC compared with well-nourished patients. Undernutrition did not increase the risk of death; however, it did increase the relative risk for a longer hospital stay by 2.5. (Nutr Clin Pract. 2019;34:131-136) 
Introduction
Undernutrition leads to a decline in functional status and quality of life, increase in length of stay (LOS) and hospitalization costs, and higher risk of morbidity and mortality. 1 Despite these factors, this clinical condition is underdiagnosed in hospitalized adults worldwide. A recent systematic review with 20 studies demonstrated a prevalence of undernutrition in the intensive care unit (ICU) ranging from 38%-78%. In the same study, undernutrition was associated with increased ICU stay, ICU readmission, and risk of hospital mortality. 2 Analysis performed on data from the Canadian Malnutrition Task Force prospective cohort study, combined with administrative data from the Canadian Institute for Health Information (956 patients admitted to medical and surgical wards in 18 hospitals across Canada), demonstrated that undernourished patients had longer hospital stay and, consequently, cost higher than well-nourished patients with similar characteristics. In addition, severely undernourished patients (11% of surveyed patients) had 34% longer LOS and total costs 38% higher than well-nourished patients. 3 Early identification of undernutrition in critically ill surgical patients is necessary for the establishment of early nutrition therapy. 4, 5 However, nutrition assessment methods usually used in hospitalized patients have limited applicability in the ICU. Indeed, a recent systematic review suggests that anthropometry, laboratory evaluation, and physical examination, methods commonly used for nutrition assessment of hospitalized patients, have little accuracy to diagnose undernutrition in critically ill patients, 6 as highlighted by the American Society for Parenteral and Enteral Nutrition. 5 According to a recent review, fat loss and muscle wasting, both detected by the subjective global assessment (SGA), may be able to identify patients who are most likely to benefit from enhanced nutrition support; however, the authors point out that further research is needed to confirm these findings. 6 Emerging evidence suggests that undernourished patients according to the SGA have higher ICU readmission and mortality rates. [7] [8] [9] However, there is limited evidence on the applicability of SGA in critically ill patients, [7] [8] [9] despite its good performance in diagnosing undernutrition in clinical and surgical patients. 10 Thus, the aim of the current study was to evaluate the association between SGA and anthropometric measures and the performance of SGA in predicting clinical outcomes and mortality in critically ill surgical patients. 
Methods
This observational prospective study was carried out with patients admitted to the surgical ICU (SICU) of a Brazilian tertiary public hospital in between January 2016 and February 2017. The protocol was approved by the ethical committee of the hospital (number 360.639). All patients' family members gave their written informed consent before data collection.
The sample was randomly selected from all patients admitted to the SICU within 48 hours of hospitalization. Inclusion criteria were patients age ࣙ18 years, regardless of ventilation mode or surgery performed. The sample did not include pregnant women or those who had given birth less than a year before, patients with limb amputation, or those whose measurements could not be obtained.
Data were collected at the patients' bedside by 2 previously trained researchers and included nutrition assessment and clinical evaluation. Hospital and SICU admission date, reason for admission, and medical history were obtained from electronic medical records, as well as Acute Physiology and Chronic Health Evaluation (APACHE) score and laboratory parameters, especially serum albumin and C-reactive protein (CRP). Nutrition assessment comprised anthropometric measures and the SGA. Weight and height were estimated from knee height and mid-arm circumference (MAC) using the prediction equations proposed by Chumlea et al. 11, 12 Body mass index (BMI) was calculated as weight/height 2 . Body weight loss (BWL) was calculated and expressed in percentage. Calf circumference (CC) was measured in the largest circumference on the left leg, preferentially. Adductor pollicis muscle thickness (APMT) of the non-dominant hand was measured using a Lange caliper, with the patient lying supine, as described by Caparossi et al. 13 SGA was performed with patients' family members since all patients were under mechanical ventilation. They were asked about BWL, usual body weight, food intake, gastrointestinal symptoms, and functional capacity of patients. Trained dietitians performed a physical examination to evaluate the presence and severity of fat mass and muscle loss as well as edema. Considering the information collected with patients' family members and physical examination, the dietitians subjectively established the nutrition diagnosis of patients. Patients were classified as well-nourished (SGA-A), moderately undernourished or at risk of undernutrition (SGA-B), or severely undernourished (SGA-C).
14 Patients were followed up until hospital discharge for measurement of hospital LOS, SICU LOS, and hospital mortality.
Statistical Analyses
Continuous variables were expressed as mean and standard deviation (parametric variables) or median and interquartile range (non-parametric variables), whereas qualitative variables were expressed as absolute and relative frequencies. Normality of quantitative variables was tested by the Kolmogorov-Smirnov test. Clinical and nutrition characteristics according to the SGA were compared among patients by analysis of variance or Kruskal-Wallis test.
Poisson regression was used to assess the association between undernutrition (SGA-B or SGA-C) and clinical outcomes (hospital LOS ࣙmedian of 31 days; SICU LOS ࣙmedian of 3 days), adjusted for APACHE, using the 
Results
This study included 76 surgical patients admitted to an SICU. Most patients were men (n = 50; 64.9%) and of white ethnicity (n = 67; 87%), with mean age of 60.36 ± 16.24 years (60.0% were older than 60 years). Median APACHE score was 11.0 (7.0-14.0). Most patients (n = 47; 61.0%) had elective surgery, with gastrointestinal (48.1%) and cardiovascular surgeries (27.3%) the most common. Patients were hospitalized in the SICU and in the hospital for a median of 3.0 (2.0-6.0) days and 30.5 (19.0-49.5) days, respectively. All patients required mechanical ventilation, most of them (72.7%) <24 hours. Two patients (2.6%) were receiving hemodialysis when nutrition assessment was performed. Fourteen (18.2%) patients died.
According to the SGA, the prevalence of undernutrition was 60.5% (n = 46): SGA-B 38.2% (n = 29), SGA-C 22.4% (n = 17), and well-nourished 39.4% (n = 30). Clinical characteristics of patients according to the presence and severity of undernutrition are presented in Table 1 . Patients with undernutrition had longer hospital LOS and SICU LOS compared with well-nourished patients. Mortality rate was significantly higher in undernourished patients than in well-nourished patients.
Nutrition characteristics of patients according to the presence and severity of undernutrition are presented in Table 2 . Patients with severe undernutrition had lower values of current weight, BMI, MAC, and CC in comparison with well-nourished patients. Although no significant differences in nutrition characteristics were found between moderately undernourished and well-nourished patients, BMI and MAC were significantly higher in patients with moderate undernutrition when compared with severely undernourished patients. Information about BWL was available for 83% of patients, and it occurred in 46.1% of them. The BWL was significantly higher in severely undernourished patients compared with the other patients.
In multivariate analysis, the presence of moderate or severe undernutrition was not significantly associated with SICU LOS ࣙ3 days, after adjustment for APACHE. However, the presence of moderate or severe undernutrition increased the risk of lengthy hospital LOS (ࣙ31 days), as shown in Table 3 . On the other hand, the presence of undernutrition did not increase the risk of death when the analysis was adjusted for APACHE score.
Discussion
In the current study, the prevalence of undernutrition according to the SGA was 60.5%. Patients with severe undernutrition had lower current weight, BMI, MAC, and CC in comparison with well-nourished patients. The presence of undernutrition did not increase the risk of death; however, it did increase the relative risk for long hospital stay. In a Brazilian observational study 8 involving 185 critically ill patients, the prevalence of undernutrition according to SGA and anthropometric and laboratory methods was 54%. Sheean et al evaluated 27 hospitalized patients in an ICU and reported a prevalence of undernutrition of 50%. 15 In another study conducted with 86 patients, 37.4% were classified as undernourished. 16 Sungurtekin et al evaluated 124 patients and identified undernutrition in 37%, 17 while Hejazi et al identified 28.8% undernutrition on ICU admission. 18 A prospective cross-sectional study performed with surgical patients in Vietnam demonstrated a high rate of undernutrition; 28.8% were classified as moderately undernourished, while 26.9% were classified as severely undernourished. 19 All of the studies cited applied the SGA to detect undernutrition, and this condition was lower than in the current study. In our study the main reason for surgical procedure was gastrointestinal disorders, and 52.8% of patients had some degree of weight loss, as reported by their family members, which can partially explain the higher prevalence of undernutrition found in our sample of patients in comparison to previously cited studies. In fact, the prevalence of undernutrition in Vietnamese patients who underwent major abdominal surgery was equal to 77.7%. 19 Furthermore, a systematic review with 20 studies demonstrated that the prevalence of undernutrition in ICU may range from 38%-78%. 2 Recently, a cross-sectional, observational study conducted in 8 Latin American countries (Argentina, Brazil, Chile, Colombia, Ecuador, Mexico, Panama, and Peru), with 1,053 patients from 116 hospitals, showed that 74.1% of critically ill patients had suspected moderate or severe undernutrition according to the SGA. 20 The correlation between SGA and other methods used to access nutrition status ranged from poor to superficial in a Brazilian study. 8 A longitudinal study conducted in 57 critically ill patients demonstrated lower values of weight, BMI, and serum albumin in patients classified SGA-B or SGA-C in comparison with those classified SGA-A. 9 The SGA rating correlated significantly with body weight and percentage of weight loss in another study. 17 Also, another study in which 125 patients were followed up from admission to discharge at 8 ICUs in Iran demonstrated a significant correlation between the SGA rating at ICU discharge and some nutrition indicators on admission day, such as body weight, BMI, MAC, triceps skinfold thickness, midarm muscle circumference, and CC. 18 Similar results were observed in the present study; lower values of anthropometric parameters were observed in patients with undernutrition, except APMT. 21 In fact, in a study conducted by our research group, APMT showed little accuracy in predicting undernutrition and its validity as a component of nutrition screening in the hospital setting is questionable. 22 An observational study conducted with 119 critically ill geriatric patients receiving nutrition support compared patients' survival and death rates according to the SGA rating, and demonstrated that, in well-nourished patients, 45% survived and 34% died. 7 Another study reported higher rates of readmission in the ICU 8 and higher mortality rates in patients moderately (45.5%) and severely malnourished (55.6%) compared with well-nourished patients (10.8%). 9 In the study by Sheean et al, undernourished patients had a higher frequency of post-ICU admission and longer hospital stay. 15 According to a recent systematic review, undernutrition was independently associated with increased ICU LOS, ICU readmission, incidence of infections, and risk of hospital mortality. The SGA clearly had better predictive validity than the Mini Nutritional Assessment. 2 In critically ill patients, stress response to injury is characterized by negative nitrogen balance and increased rate of muscle wasting because of the accelerated catabolism due to increased resting energy expenditure and decreased efficiency of protein use. As acute-phase proteins are mobilized for tissue repair and immune response, circulation of free fatty acid increases due to lipolysis, leading to ketone formation, pronounced increase in resting energy expenditure, and gluconeogenesis. The liver then reprioritizes its functionality and concentrates its efforts on generating positive acute-phase reactants instead of producing skeletal muscle protein. Cytokines stimulate muscle degradation and affect muscle contractility and function. These mechanisms work against nutrition preservation and contribute to undernutrition. [23] [24] [25] Early identification of undernutrition in these patients is necessary for the establishment of early nutrition therapy aiming to minimize the risk of poor outcomes. 4, 5 In this context, SGA was found to have satisfactory performance, and it may be used in combination with another instrument. A recent study 25 involving 439 patients determined the agreement between the modified Nutrition Risk in Critically Ill Score (mNUTRIC) and the SGA and compared their ability to discriminate and quantify mortality risk independently and in combination. Although they individually provided a fair discriminative power for hospital mortality, the combination of these instruments was a better discriminator to quantify mortality risk. 26 The current study was carried out with patients hospitalized in the SICU for just 3.0 (2.0-6.0) days and the incidence of death was lower than 20%. Furthermore, median APACHE score was 11.0 (7.0-14.0). These aspects indicate that our sample may not be representative of critically ill patients admitted in clinical ICUs because the duration of SICU stay and the APACHE score indicated that they were not critically ill patients. Therefore, these results may not be extrapolated. In addition, it is important to reinforce that the use of SGA in clinical practice can be difficult due to the particularities of this population.
We suggest that ICU dietitians obtain the nutrition history of patients from their family members, although it may compromise the accuracy of dietary and gastrointestinal and functional status data obtained by the SGA. 27 We did not find any study in the literature that had tested the concordance between the diagnosis of undernutrition by SGA answered by patient or by their family members; however, we believe that closer family members are able to give correct information. A recent study 27 proposed a new tool derived from the SGA, and the questions related to the presence of diarrhea, changes in functional capacity, and metabolic demand. The presence of any type of edema was shown to be of little pertinence to verify nutrition status, while other items appeared to be sufficiently informative, especially weight changes, loss of subcutaneous fat, and muscle wasting.
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Conclusions
Critically ill surgical patients with undernutrition according to the SGA had lower values of current weight, BMI, MAC, and CC and higher BWL compared with well-nourished patients. The presence of undernutrition increased the risk of longer LOS, and this suggests that SGA can be used as a predictor of poor clinical outcomes in patients admitted to the SICU.
